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Abstract of JP2003003223 

PROBLEM TO BE SOLVED: To provide an Sn-Zn-Cu-Sb based lead-free alloy which can properly maintain 
mechanical properties while maintaining electric characteristics as those of the external electrode of a metallized 
plastic film capacitor to practical ranges. SOLUTION: The lead-free alloy for the external electrode of a metallized 
plastic film capacitor has a composition containing, by weight, 0.5 to 25% Zn, 0.01 to 5.0% Cu and 0.01 to 0.4% 
Sb, and the balance Sn. 
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(57) 

««rt*tt*r*Efc««fi-5 ii#T*iSn-Zn-C 

u-sb iftis^#©afe 

Zn;6>0. 5~2 5li%, CutfO. 
0 1-5. 011%, Sb^O. 01-0. 411'/,, 



(2) 

1 

[#fFft#©&H] 

[11*91] Zn#0. 5-2511% Cu^O. . 
01-5. 011%, SbflSO. 01 — 0. 4114%, 
S n &m®fr b ft 5 tefcik?? y y- 7 -< ^ A 3 

[11*92] NiO. 01-1. 0.fi4%, GaO. 
0 0 5-0. 511% AgO. 01 — 2. 5lt% 
PO. 001-0. 211%, Al 0.,.0 0 5~0. 2 
H4%, S i 0. 0 0 1-0. 2S4%, B i 0. 0 1 
~3fiS%<D5*>^bSii^&Jl^S n©— §|5tBt 10 
JktTSyjD $ iXTV > 5 if *9 1 1Bft©&Jifls:/7 * y 

[*WO»llBft»Bli] 
[0 00 1] 

*>3. 

[0 0 0 2] 

iSfb^^f -7^7-f^^yryt 20 

^omftmzmivtcmz^&ft t i-s sn-zn-cu 

-Sb-Pb*»*AaH6«$*bTV^5 Q 
[0 0 0 3] d©^©-^*, *H£«-M£* 
Soi5^ 3l3R3£g#4. 0-6. lKgf/m 
m 2 , 3 9-5 7. 1 %T\ fl-gp^H t LT&g 

[ooo4] tr5#, < ^tfis-e-^^m 

ft*tbfc*T*»i, ^©SWB&SVMiAftiiiUci^A 

[0 0 0 5] rwlHMfctffti-Sfcftte, ±B»t:±j« 
^it5Sn-Zn-Cu-Sb-Pb <b P 

b flti^^ S n - Z n - C u - S b i^^fiH^ 
ixTVSo ■ - 

[0 0 0 6] L*»U r©Pb 40 

W#tti±lfflfiltjb5trow, *i©Jtfcm, 2, 

3^b«5<£ Z n tSti-S S b ©l^fflMWK^ 

*5vxT*s«i«a*J*)5r.i:asdofc. 

[0 0 0 7] tjft^f-, ^Ji^^y^f-y^^^/UAa 
yT>t©^tilMi:LT£>I OjE) fttttfctt 
#1411, §l«&g 3 - 1 1 K g f /mm' , #tf 1 0 % 

[0008] §i»3fisn, KttntfAv^v^to-eri 
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flC^fti-rsi,. BUt^J£H:*5, r*i*«liLfc*» 
[0 0 0 9] 

4ftflftt1MtOTT?4 * nfc t ©T\ Sn-Zn-Cu 

-s b^&lC&Has b©Zn^i-5*5rigcbi-- 
«j#tt^SiElc:#^-f 5 r i a$-e* 5^JR^7 *^y 

^7-fW3 yfyf©WlSfflro Sn-Zn-Cu 

- s b Sftlte**«flr*-s - 1 £ S tt 

[0010] 

^7°7 y ? 7 -c /W* =i ^©^mffiJi*S§fi-S- 

Zn^O. 5-2 5114%, Cu#0. 0 1- 
5. 011%, Sb^O. 01—0. 4fi4%, Sn# 

[0011] ±!E«tf&-a*&l:::}ott5 s n©-g&£, N i 
0. 0 1-1. 0fi4%, GaO. 005-0. 5fi4 
%, A g 0 . 0 1-2. 5 M4%, P 0 . 001-0. 
2 24%, A 1 0. 0 0 5—0. 2M4%, SiO. 0 
0 1-0. 2M4%, B i 0. 01~3li%C5*ii> 

[0 0 12] 

[0013] (1) gliS2 1-33© 
i&^©-g-^©§l3St)^ai:ffr/©S!l^l±, IS2. 0m 

■^nmi 0*, 3-H-3 3 O^ft^L/c. 
[0 0 14] (2) #WUtKovxT§ISBOEi:ftt**: 

[0 0 15] (DfigJSn- K-fc/U (Wfi3E(tth)' 10 0k 
g 

©3IKiIg 2 Ornm/m i n 
®mMXB& 10 0mm 

[0016] ( 3 ) mmm 1-33 ©^©««w#ft 

©ffFfii fix *1 i*2(C^i-t*3 9T'fcSo 

[0 0 17] §|?S3SS, 1 — 3 3©ffl^£ 

[0018] WJEtt, ?ia3Sa 3 - 1 1 K g f /m 
m 2 , fliVl 0%«±^^i: Lfc 0 
[0019] (4) ttJtt©fc»t, *1 t*3fc*-t-Jt 

[0020] (5) ^*©f D ^#, i-4fo*>, p 

b 9 0 — 5 5li%S n-Zn-Cu-S bS^4Co 
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[0021] ( 6 ) ^mmwwmts &.T<r>t *j <o x 

[0 0 2 2] (a) ^atflSraUTCuOWntt, S 

19, Sn-Zn-Sb *frA*£rj"CH* feilfcV^ltttt 

[0 0 2 3] 1 »^SP«ftffl«N&^4fe»±x «*cO 

b 9 0 fi*%~ 5 5 fifi%- Sn-Zn-Cu-Sbi 
*AfcJt«l/C, 3ISBMM*3. 3Kgf/mm ! M 
7. 5%tteH-5#, ^«®BfH&*£i:b-Ci5*fe 
«WWWttTfc5§l3R5SS3~l 1Kb f/mm\ # 

[00 2 4] 2 O^SP«aiffl«Na^tt, f&fc© 

< -^m^m * tux v > 5 *mtsj8i&£-&-c &sp 

b 9 0li%~ 5 5 fifi% Sn-Zn-Cu-Sb 
^tttlfcLT, 3l3ft$£gtt5. 3Kg f/mm'il. 
3 2^±U #W5 0. 5%fc^5ff*Lfc»«W4# 

[0025] gum 3 nimwsmna^k^tt. 
j£ < — ®>mzm.m ztix\*&MtWBmiM&"ehz p 

b 9 0lt%~ 5 5 fifi% Sn-Zn-Cu-Sb 
&fcJt«LT\ 3I3R34LSH6. 8Kgf/mm'tl. 
7ffiFfi±U #tf*4 3. 2%fcv^«ftfc*««4$tt 

[0026] mMm4(D^umMmm$^^t, '&m<d 

b 9 0li%~5 5li%Sn-Zn-Cu - S b 
&fctfc|fcl/T\ 3l§fi&g«8. 5 Kg f /mm 2 2. 

1 2fflf|6l± U 3 9. 7 % t ^ p «*xfc«£«W# 

[0027] mmm 5 co^»i$«f&-a-&w:, ^*<o 

b 9 0 fi*%~ 5 5 fi*%- Sn-Zn-Cu-Sbl 
-a-^iJt^LT, 5l»3ftflEtt9. 4Kgf/mm'i 

2 . 3 5 f&ffi]± U 3 9. 2 % fc ^ 5 «ftfc«tt 

[0 0 2 8] ( b ) W&ffl 6 ~ 1 2 14, Ni, Ga, A 
g, P, Al, Si, B i Op*>*»fcStftl/^JSSr, 
Zn-Cu-Sb-Sn ^W^ttUfflMI&^W S n 

«W#44£ftii£-fr5 r t 5 r t Sr* LTV^ 0 
[0 0 2 9] Jlitl#il 6 CON i cOtsftPfl, Zn-Cu-S 

b - s n nk-teamMSLtmRti: vmu^mi 

TV^5^SjJ«ffiffl«B^^-efc5P b 9 0S4%~ 5 5fi 

MSn-Zn-Cu-Sbl^MJtRL^ 

St! 5. 5Kgf/mm ! il. 3 7 fl£ft-k U {$ V* 



(3) #112 0 0 3-3 2 2 3 

4 

5 9. 8%^5tfftfc^W*$tt$r#LT^5. 
[0 0 3 0] Hi£$l 7 COG a CO^JDtt, Zn-Cu-S 

b-sn%&m£&<DMit*mm-rz%i$ktfh v ) , -^co 

P b 9 0 fii;%~ 5 5 fi*% Sn-Zn-Cu-Sbl 
^AfcJklSELT, 9I8BI*«:6. 6Kgf/mm ! i 
1. 6 5ffiF|fO±U #tf*6 2. 8%tV^«ftfcl« 
10 WWttfctfL-C^S. 

[0 0 3 1] HJfs#| 8 CO S i C0^P(4 N Zn-Cu-S 

ffl#&^T*fc 5 P b 9 0 5 5 fi*% S n - Z n 

-Cu-S b^-g-^irit^L-T, §l?S3ia(48. 8Kg 
f/mm'i2. 2f£|S]±U #tf*4 2. l%tV^5 

[0 0 3 2] MMM 9 CO P CO^Dtl, Zn-Cu-Sb 
20 - S n*»K^O«aiitt*rlR]±$*BMb*:JI|l1lli- 

14) Sr|Rl±S-&sa**!*>S. H5£#l 9 co^§P*ffiffi» 

ffii&^T'fe 5 P b 9 0 fifi%~ 5 5 fifi% Sn-Zn 
-Cu-Sb^-g-^iJtRLT, 313f3$ai46. 5Kg 
f/mm'a. 6 2^±U #1**5 5. 6 % t 

[0 0 3 3] HS£$I 1 0 COA 1 COgsAtlli, Zn-Cu- 
S b-S n »«lk^fe©»flsS:#|UWi-5 «l***> 5 » * 

5. ««« l 0 ©#M»«f ffl*HfrfrAl±s 
coj£ < -jR« (c^ffl $ fix ^ 5 ^«ffifflf&^-C fc 5 
P b 9 0 M:%~- 5 5 fi Jr% Sn-Zn-Cu-Sbi 
g-#iJ:bScLT, §lffi^af47. 5Kgf/mm ! i 
1. 8 7f&f6l±U #1**4 8. 0%tVN5m/ca« 

[0 0 3 4] MMM 1 1 COA g COgsADfi, Zn-Cu- 

s b - s n^^cDm&n^mitLmm^m^ 

3Sa. #tf, *t!c1±) Srl*0±S*"B»*as*>5. «^!J 
40 i l <D*MMHfft*Hte£tt, «*<oj£<-««]fwffiffl 
$itT^5^aJ»Biffl«&^^T?fe5Pb 9 0li%~5 
5li%Sn-Zn-Cu-Sb^itJttLT, 51 
5S§ta(±9. 2Kgf/mm ! i2. 3{gf[fil±U #TJ« 
$42. l%t^5^fc^«W#tt^*LTl^o 
[0 0 3 5] MMM 1 2 CO B i <DWMit, Z n - C u — 

Sb-Sn^4©tt«W#tt ftlf, 

SffllS-g-^Tfe ^5 P b 9 0 5 5 fi *% S n - Z 
50 n-Cu-S b%£-&tlt®iLX s 3\m&&*9. 7K 
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g f /mm £2. 4 2{g[R]±U #W3 9. 3%£ 
[0 0 3 6] ( c ) HJfe$| 13-33 (4, Ni, Ga, 

Ag, p. ai, si, b i ©5*>a»fe»Haxfc£* 

Sr. £**l< feV^g, Zn-Cu-Sb-Sn^O^ 

t?f 5 i £ Ufc t> ©T-fc 5 0 
[0 0 3 7] H3£#| 1 3 ©N i ©8fc!)Bf4, Z n - C u - 
S b - S n l^i©gf a t^t»ft LISK^tt 10 

^aswuB &*©£< -^wtcttffi § 

V^«*WtW8lfrfrAT*>3P b 9 0li%~5 51* 

%-Sn-Z n-Cu-S bS^iifcftU, 

Sf4 3. 3 2 k g f /mm 2 £ 1 7 %«^1-5*s, fl-Stf 

3~1 1 k g f/mm\ #01 0 %eA±Sr*-f-5fc* 

[0 0 3 8] 14©Ni oaSSPHt, Zn-Cu- 

Sb-Sn^-a-^©^S&Sr^c»kLa«6t)#tt 20 
34i£, gfcfctt) S:lRl±$*53ti**s*)5. 
*SMtttffl !S3tE«>i£< 
V^mSffllS^T'fe2,Pb 9 0li%~5 5li 
%-Sn-Zn-Cu-Sb^tJtRLT, ?I3S3^ 
^(4 6. 9kgf/mm ! il. 7 2§filU 

4 5. 2%fcV^«;h,fc»«W4^fc#LTV*5. 

[0 0 3 9] HJ£0iJ 1 5 ©N i ©SsJPt4, Z n - C u - 

5 b - S n %<£&<D&&16Lt:fflW\: L«tt#)#14 (51 S 

«riSl±**5»***)5. H;&S0iJl 5(75 

v^5^mai^^-e&5P b 9 0li%~5 5lt 
%-Sn-Zn-Cu-Sbl^iitgLT, 
SI41.0. 2kgf/mm ! i2. 5 5«G]±U #tf 

[0 04 0] MMM 1 6®Ga ©fefiPte, Zn-Cu- 
S b - S n XffiW^ORfcfrftlffii- 9 , Z 

©^*«tt#j#tt (9I»B«, zm±m£z>%} 

je < $ tvo > ztmwmmto&tif*) % p 

b9 0li%~5 5Ii%-Sn-Zn-Cu-SbS 40 
•a-^ tJtgcLT, §IS5SSf4 3. 3 1kg f /mm 2 £ 
1 7'. 2%*^i"5as, LT&g 
*««W#tt-efc5§l3BS&S3~l 1 k g f /mm 2 , 

[0 04 1] '3Ufa#j 1 7 ©G a ©fe&Pf4, Z n - C u - 
Sb-Sn**»^©lWbSr«USIi-5S6*!i s *)9, t 

HJSflli 7 ©^««ffl£§£&-g-&{4, ft*© 

b90li%~55ti%-Sn-Zn-Cu-Sb| 50 



•fr^itttfcLT, §IKa&£f±6. 9kgf/mm ! i 

1. 7 2^±U M$4 3. 0%£^5tf*lfc*« 

[00 4 2] JlJ&fiJ 1 8 ©G a ©SsbP(4, Zn-Cu- 
Sb-Sn*»»*jk©»ft jE> "J x * 

*^&^o msw i 8 <Dt>\-wm®mm&'&&te, ft*© 

b 9 0li%~ 5 5 Sn-Zn-Cu-SbS 
&&tttWil,X. 3l3S3££f49. 5kgf/mm 2 £ 

2. 3 7«Ht|±U #D*4 9. 7%£^5«tV7ta« 

[00 4 3] .1 9 © S i ©gsflPIl, Zn-Cu- 

s b - s n *-g-^©at««j#tt £ 
f^±$-fr-5a*^fc5„ 3IJ6#|1 9 ©^SBWlffl 

-£&T*fc5 P b 9 0 5 5 SM.%- Sn-Zn- 

Cu — Sb*^i:tt«bT» SIWMCttS. 36kg 
f /mm 2 £ 1 6%«^i-5iS, *ffltCffl£fteft& 

LT*aift«tM«}»tt-e*>55liBM63~i l k g f / 
mm 2 , 0%£Lhft*i-Sfc**ffl±R|«W:jfc 

[0 0 4 4] HJtm 0©S i <Dmm, Zn-Cu- 

sb-sn»^©ia«#tt mmmm. mmm % 

-a-^-CfeS P b 9 0 fi*%~ 5 5 S*%- Sn-Zn- 

Cu — Sb*^fcH*LT, 5ISBM649. 3kgf 
/mm 2 £2.3 2{£[S]± L«ftfc8Hrttt4$tS:S:*r LT 
1^5. #W41 0%RL«r^5fc«>»B.h|R|»±* 

[004 5] HJfe#J 2 1 © S i ©gsflPfl, Z n - C u - 
Sb-Sn^i©«Wtt ffe«M4) Sr 

^T*fc5 P b 9 0 fi*%~ 5 5 fift%- Sn-Zn- 
Cu-S b^-a-^ibt^LX, ?IK^g(4l 0. 1kg 
f /mm' £ 2 . 5 2 fffffli tH^fc^aW#tt^* L 
T^5o #W4 1 0%fiJl±ft*T5fcii>|tffl±|IMIM:<j: 

[0 0 4 6] ^ffi^J 2 2 © P ©?feto4, Z n - C u - S 
b-Sn3W6ilt&*©j!^tt*rfi±*-eflMI:t*WWi-5 

*rrti±s*ss**^*5. mtffii 2 2 ©*ap*«JH«i& 

ift-a-^-efo 5 P b 9 0 5 5 fi*%- S n - Z n 

-Cu-S b^-a-^£ttRLT, §I353S«{43. 31k 
g f /mm 2 £ 1 7. 2%^>1"S^, ft%«&£*g& 
a-#£ LT4Hfft«t*tt1W4T?fc53l3iai«3~l 1 k 
g f/mm 2 , #01 0%^±Sr*-t5fc«)^ffl±raja 
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[0 04 7] mi&m 2 3 (DP COgsjjPli, Zn-Cu-S 

b - s n^m&&vffM'&zfa±£i£mit*w>mi-z> 

*©iB*»«&<j4$tt: (5IS!£«, HUM*) 

fe'-g-^T-fc 5 P b 9 0 5 5 fi*%- S n - Z n 

-Cu-S b3v£££:it$£L-C, 3IK3£ff(47. 1kg 
f/mm'il. 7 7 fg(6]± U # tf* 4 9 . 2%tV^ 

[0 04 8] Hfta#l 2 4©P C0gsiP(4, Zn-Cu-S 
b - S n *»»-&A©j(E»tt*iRi±**S{bS:ttHWi-5 

#&£-&T* & 5 P b 9 0 fi4%~ 5 5 S n - Z n 

-Cu-S b^&tttiRLT. §l9S3fifif4l 0. 3k 
g f /mm 2 £2.5 7«[6]±bff^fca«ft#tt^^ 
LT^S. #1*141 0%£Jl±S:^r-t4fc«>llffl±raHtt 

[004 9] HJfS0!l 2 5 (DA 1 CDgsJOJi, Zn-Cu- 
Sb-Sn*««*AoaMb*r#|HWi-5ai*4**)5, * 

< -«ttfcte!£ftT^3^fflmffiffl»^&T?fc5 P b 
9 0fi*%~5 5li°/o-Sn-Zn-Cu-S b 3fr£ 
^tWLT, ?ISMtt3. 33kgf/mm'il 

6. 7%®'p-f5i>K WiMilfiMat^ii 
«W»»tt-efc59l3«MC3~l lkg f/mm\ # 
0%£JL±Sr*i-5fcAHffl±IB|jHl±*V\ 
[0 0 5 0] 2 6 CO A 1 C0$yjP(4, Zn-Cu- 

s b-s n^mm^omit^nui-^m^h'o , * 

HifetfiJ 2 6 »^-85«1Sffl»|^^H x &*coj£ 

< -mtyc&%£tiT\,^ftMnm%§&£&vhz> p b 

9 0 5 5 Sn-Zn-Cu-SbM 

&titgcLT, 3l§S&Sf4 7. 7kgf/mm ! il. 
9 2flFfl±U #t«»4 9. 5%£^?tf;h,fc8M*6W 

[0 0 5 1] 2 7 CO A 1 COgjJPii, Zn-Cu- 

Sb-Sn*»|fc#A«)W2*:>WHi-S3**^*>!3 % * 
fc, (5I3S5MC, Sr|Rl±S*53lb* 

#*>4. HJfe#l2 7C0^®Sffl*li&^l4> t£*coj£ 

< -Jftttfcftja£;h,T^5*to*^ft£&T*>5 P b 
9 0 Hfc%~ 5 5 Sn-Zn-Cu-Sb 
AfcJWRLT, §l3S5£g{49. 9kgf/mm ! i2. 

4 7jW±L.#tl*4 8. 4%fcV>5«;h.fc8M*l$# 

[0 0 5 2] Hifi^J 2 8 CO A g COgsJOil, Zn-Cu- 

5 b - S n 3R-&&©£fi&£«ijifflfl; L$£*ft#tt 
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BUS, *ft±***»***)5. HJ£#!l 2 8 CO 

v^^MBttwi&^A-efca p b 9 oii%~5 5m* 

%-Sn-Zn-Cu-Sb^^irltt5LT, §|«9ft 
g(4 3. 4kg f /mm 2 t 1 5%«^-T5*^ 9m* 

~1 1 kg f/mm\ #01 0%^±^i-5feft* 

[0 0 5 3] HJ6#J 2 9 CO A g CDgsAPf4, Zn-Cu- 
10 Sb-Sn^-g-^C0^alSE^»»bLffil«W#tt (31 36 

^5^tIM^T*fc5Pb 9 0!1%~5 5»S 
%-Sn-Zn-Cu-SbM^tJtliLT, 3I3S3£ 
£f48. 7kgf/mm 2 i:2. 1 7{£|n]JbU 
3 9. 4%<bV^fttxfcm«lft#tt£^LT^;5 0 
[0 0 54] HJ60II 3 0 COA g ©gfe&Ptt, Z n - C u - 
Sb-SnS^co^ B B B ^5rmWt:L«««]#tt (9I» 
*l^l±$*5a*is*>5. HJ66J3 0© 
20 *SB*ffifl3*S»-£&H:, t£3fc©J£<-jt£W(cteffl£;ftT 

P b 9 0li%~ 5 5 Mi 
%-Sn-Zn-Cu-Sb^ttt»Lt, §|3S3fi 
£(410. 5kgf/mm ! i2. 6 2{g|£]_h Lffiftfc 
««fl«I«H±Sr*"LTV^4 e #W4 1 0 %Rhfc*r1-$fc 

[0 0 5 5] HJS^J 3 1 COB i ©gsiPf4, Zn-Cu- 

i«a±**5a***5. *iM9 3 1 ©*»»iijb*h&£' 

30 ^-itfeSP b 9 0 mS%~ 5 5 MM%- S n - Z n - 
Cu-S b^-a-^iJtKLT, 3l365££f43. 32kg 
f /mm 2 t 1 7 %«^-J"5* s , 
LT#S4**W1»tt-C*53l«atf 3~1 1 k g f / 
mm 2 , Wi 0%«±«r*i-5fc»Stffl±IHUBItt4 

[0 0 5 6] HtfetfiJ 3 2 COB i ©gyJPte, Zn-Cu- 
Sb-Sn*-frA©«BW«>Wtt (5I3R3S#, £ 
IrI±S*5»***>*. HJ601J3 2C0^tt®ffi«#&-a- 

#t4, fie*©i£<-«e<jfc{effl§*xTv^^ss««ffl» 

40 -£-&T*>5 P b 9 0 5 5 MM%- S n - Z n - 

■ Cu-S b^^tJtgiUT, §l3S3&g046. 9kgf 
/mm'il. 7 2fff[6]±L#W4 2%tV>5^EJxfc 

[0 0 5 7] ^Ji0iJ 3 3 COB i CDgsJPf4, Z n - C u - 

Sb-Sn X&&ommhW£ ■ S: 
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